Arsenic is a ubiquitous element in the environment and occurs naturally in both organic and inorganic forms. Under aerobic condition, the dominant form of arsenic in waters is arsenate, which is highly mobile and toxic. Arsenic poisoning from drinking water remains a serious world health issue. There are various standard methods for arsenic removal from drinking waters (coagulation, sorption, ion-exchange reactions or methods of reverse osmosis) and alternative methods, such as biosorption. Biosorption of arsenic from natural and model waters by native or chemically modified (with urea or ferric oxyhydroxides) plant biomass prepared from sawdust of Picea abies was studied. The kinetic of the adsorption process fitted well the pseudo second order adsorption model and equilibrium was achieved after 2 h. The results showed that biosorption was well described by both Langmuir and Freundlich isotherms. The maximum biosorption capacity of the sawdust modified with ferric oxyhydroxides, evaluated by Langmuir adsorption model, was 9.259 mg/g, while the biosorption capacity of unmodified biosorbent or biosorbent modified with urea was negligible. The adsorption capacity is comparable to results published by other authors, suggesting that the prepared chemically modified biosorbent has potential in remediation of contaminated waters.
INTRODUCTION
Arsenic compounds are common contaminants in the environment. Because of arsenic toxicity and induced carcinogenity (Eblin et al., 2006; Hughes, 2002) , higher arsenic concentration in the environment represents serious problems for human health, especially for populations in Bangladesh, Western Bengal, Vietnam, China, Mexico and Chile. The danger of elevated arsenic concentration in waters in these countries was underlined by WHO, which estimated the recommended limit for arsenic concentration in drinking waters up to 10 μg/L (WHO, 1996) . The conventional technologies for arsenic removal from waters are based on processes of coagulation, sorption, ion-exchange reactions or methods of reverse osmosis. Materials used in these processes are Fe (0), Fe (III) oxyhydroxides, Mn (II), Al (III), apatite, silicate sands, carbonates, sulphides, ash or various types of coal (Chmielewská et al., 2008; Daus et al., 2004; DeMarco et al., 2003; Hiller et al., 2007; Lin and Wu, 2001; Sato et al., 2002; Song et al., 2006) . Nowadays, there is a trend to use the alternative and low-cost materials for arsenic removal from the waters in laboratory or medium-scale experiments. Effectiveness of chemically modified or native biomass in processes of arsenic removal was evaluated and proved by various authors (Abdel-Ghani et al., 2007; Boddu et al., 2008; Cernansky et al., 2007; Loukidou et al., 2003; Malakootian et al., 2009; Murugesan et al., 2006; Rahaman et al., 2008; Seki et al., 2005) .
The aim of this study was to evaluate effectiveness of chemically modified with Fe (III) or urea or unmodified plant biomass prepared from sawdust of Picea abies to remove arsenic from model or natural arsenic contaminated water. The influence of various initial arsenic concentrations was also tested and the kinetics of the adsorption process was evaluated. This experiment was realized in the laboratories of the Institute of Geology (Bratislava, Slovakia) on September and December 2008.
MATERIALS AND METHODS

Preparation of biosorbents
The plant biomass was prepared from sawdust of Picea abies (160 €/t of biomass). The sawdust was washed with great amount of deionized water, sieved and part of fraction under 0.2 mm was used in the experiments as chemically unmodified biosorbent. The other part of fraction was used to prepare biosorbents modified with urea and ferric Fe (III) oxyhydroxides. To prepare Fe (III) modified biomass, the sawdust fraction was homogenized with a mixture of prepared iron oxyhydroxide and NaOH solution and dried in the oven overnight according to procedure proposed by Pokhrel and Viraraghavan (2006) . To prepare biosorbent modified with urea, the sawdust fraction (10 g) was agitated (140 rpm) in the presence of urea (200 g/L) for 24 h, then rinsed with deionized water and dried in oven (80 °C) overnight. The third chemical modification was a combination of previous two procedures, when the sawdust fraction was coated with Fe (III) oxyhydroxides in the presence of urea.
Biosorption of arsenic from natural waters
The natural water contaminated with arsenic (concentration of total arsenic was 230 μg/L) was collected from Poša (Eastern Slovakia). The volume of 50 ml of contaminated water was transferred into 250 mL beaker and 1 g of native or chemically modified biosorbent prepared from sawdust was added. The system was agitated at 140 rpm for 2 h. The agitation time was selected according to preliminary and kinetic studies, since 2 h were required to reach equilibrium. After 2 h, the biosorbent was separated by filtration, washed with deionized water and then the amount of arsenic in residual solution was measured. Dry weight of biosorbent was measured after drying at 105 °C. All the experiments were carried out in triplicates.
Kinetic and equilibrium adsorption experiments
The stock solution was prepared by dissolution of arsenic species Na 2 HAsO 4 (Merck, Germany) in distilled water. The initial concentrations of As (V) in prepared model solutions varied from 20 up to 500 mg/L. The pH value was adjusted to 8 (pH value, when all of As (V) in solution is ionized) using the solution of 1M NaOH. 0.5 g of chemically modified or unmodified biosorbent was then transferred into the 50 mL solution with desired As (V) concentration and agitated on rotatory shaker (Unimax 2100, Heidolph, Germany) at 140 rpm. After desired time (15 to 240 min) the biosorbents were separated from solution by filtration. Arsenic in solution was then stabilized with concentrated HCl and the amount of total arsenic was determined. Dry weight of biomass was measured after drying at 105 °C. All the experiments were carried out in triplicates.
Experimental data analysis
The experimental data were analyzed using Freundlich (1906) and Langmuir (1918) adsorption isotherms and pseudo first and pseudo second order kinetic model. The linear equations of isotherm and kinetic models were used to gain appropriate constants and to evaluate experimental data.
Linear Freundlich equation was used as:
(1)
Where, K F and N are the Freundlich constants. K F is the indicator for adsorption capacity of the adsorbent when the concentration of adsorbate at equilibrium is unitary. N represents the heterogeneity factor, which characterizes surface with energetically nonequivalent sites.
Linear Langmuir equation was used as:
Where, S m is the maximum adsorption capacity corresponding to complete monolayer coverage (mg/ g) and k is the Langmuir constant that relates to the energy of adsorption (L/mg). C eq represents equilibrium concentration of As (V) in solution (mg/L) and S eq amount of As (V) adsorbed onto biomass at equilibrium concentration (mg/g).
By integrating and applying the boundary conditions (t=t and S t =S eq ) to the pseudo first order rate expression of Lagergren (1889), the original expression may be described by the following equation:
Where, k 1 is the pseudo first order kinetic constant (1/min) and S t represent adsorption capacity (mg/g) of
